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© Optical scan pattern generating arrangement for a laser scanner. 


® An optical arrangement (14) in a laser scanner 
(10) for generating a cross bar X laser light beam 
scan pattern includes a multi-faceted or -mirrored 
optical device (36) mounted for rotation about a 
vertical axis (50). The device (36) has four primary 
mirrors (38A - D) oriented ninety degrees from one 
to the next about the vertical axis (50). The primary 
minrors (38A - D) are tilted about respective horizon- 
OOtal axes relative to the vertical axis (50) and adapted 
^to receive and reflect a laser light beam as each 
primary mirror moves successively through a portion 
CO of each rotational cycle of the optical device (36). 
0>The optical arrangement (14) also includes a mul- 
Ifltiplicity of secondary mirrors (44-48) disposed in 
0> stationary positions relative to one another and to 
C^each of the primary mirrors (38A - 0) as they move 
successively through the rotational cycle portion. 
The secondary min-ors (44-48) are adapted to re- 
Hjceive the laser light beam reflected from the primary 
min-ors (138A - D) and to reflect the same to trace 
scan lines of the laser light beam scan pattern at 


different orientations with respect to one another as 
the primary mirrors (38A - D) move successively 
through the portion of each rotational cycle. 
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@ Optical scan pattern generating arrangement for a laser scanner. 


@ An opticai arrangement (14) in a laser scanner 
(10) for generating a cross bar X laser light beam 
scan pattem includes a multi-faceted or -mirrored 
optical device (36) mounted for rotation about a 
vertical axis (50). The device (36) has four primary 
mirrors (38A - D) oriented ninety degrees from one 
to the next about the vertical axis (50). The primary 
mirrors (38A - D) are tilted about respective horizon- 
tal axes relative to the vertical axis (50) and adapted 
to receive and reflect a laser light beam as each 
primary mirror moves successively through a portion 
2 of each rotational cycle of the optical device (36)* 
^The opticai arrangement (14) also includes a mul- 
COtiplicity of secondary mirrors (44-48) disposed in 
£2 Stationary positions relative to one another and to 
each of the primary mirrors (38A - D) as they move 
iO successively through the rotational cycle portion. 
^The secondary mirrors (44-48) are adapted to re- 
ceive the laser light beam reflected from the primary 
O mirrors (138A - 0) and to reflect the same to trace 
Q^scan lines of the laser light beam scan pattem at 
indifferent orientations with respect to one another as 
the primary mirrors (38A - D) move successively 
through the portion of each rotational cycle. 
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OPTICAL SCAN PATTERN GENERATING ARRANGEMENT FOR A LASER SCANNER 


The present Invention generally relates to laser 
instruments and, more particularly, to an optical 
arrangement in a laser scanner for generating a^ 
scan pattern to find and read a which is spaced 
from the scanner target, such as a package label 
carrying a bar code symbol, wherein enhanced 
compactness of the optical anrangement minimizes 
the overall vertical height of the laser scanner. 

Bar code symbols are used on a broad range 
of retail packages far check-out and inventory pur- 
poses and a variety of laser scanners have been 
designed to read such symbols. Little attention has 
been paid to the physical size of these laser scan- 
ners. Instead, the ability to provide high perfor- 
mance scanning has been emphasized without any 
concern for how tall or large the scanner unit might 
be. With this latitude in design available to manu- 
facturers, some laser scanners have been made 
that are as much as 75 cm tail. This lack of 
emphasis on scanner and height has prevented 
using scanners in some applications where appear- 
ance and counter space are important 

Up to the present time, the primary design 
limitation with respect to overall scanner size has 
been the space requirements of the various scan- 
ner components. It has not previously been possi- 
ble to include the transmission optics, the collec- 
tion optics, and tiie geometry of the scan pattern 
and the optical components, i.e. mirrors, that create 
this pattern., into a sufficiently shallow vertical 
height scanner. One laser scanner has been de- 
signed and introduced heretofore by the assignee 
of the present invention specifically to meet the 
requirements of reading bar code labels at package 
speeds up to 100 inches per second In an overall 
scanner size less than 13 cm tail. 

This laser scanner utilizes a retro-directive op- 
tical system composed of transmission optics, col- 
lection optics and a scan pattern generating ar- 
rangement The transmission optics includes a low 
power He-Ne laser, two small routing mirrors, a 
diverging lens on the end of the laser, and a 
focusing lens that is molded as part of a larger 
collection lens of the collection optics. The basic 
function of the transmission optics is to create and 
transmit a focused laser spot, of the correct diam- 
eter, at the plane of tiie package label to illuminate 
the bars and spaces of a bar code symbol on the 
label. 

The collection optics of tills prior art scanner 
includes a collection lens, a bandpass filter and a 
photodetector. The basic function of the collection 
optics Is to gather and collect only the diffuse laser 
fight reflected from tiie label and focus it onto a 
small detector. The light is collected and focused 


in such a way as to optimize tiie signal-to-noise 
ratio- In the retro-directive optical system of the 
scanner, a cone of light returning from the label 
and surrounding tiie beam of light being transmit- 
5 ted to the label is collected by the collection lens. 
In this way. a substantial portion of ambient light is 
eliminated from the system. Additional filtering of 
ambient light "noise" is achieved by the bandpass 
filter. 

70 The basic requirement for grocery and other 

high volume transaction laser scanners is to op- 
erate in a way that the store check-out clerk does 
not have to worry about the label orientation as the 
product label is passed over the scanner. Pursuant 

75 to tiiat requirement tiie scan pattern generating 
arrangement of the prior art laser scanner has 
employed a multi-faceted mirror assembly consist- 
ing of high reflectivity mirror surfaces which spin 
about a generally horizontal axis. The basic func- 

20 tion of the scan pattem generating arrangement is 
to move the beam of laser light through a three 
dimensional pattern capable of finding and reading 
labels in as many orientations as possible. 

Altiiough the Model 750 SL laser scanner has 

25 provided a high performance, low profile POS 
scanner design which has met and surpassed Eu* 
ropean market requirements, it is perceived that 
further improvements in performance and reduction 
in scanner height are desired to satisfy the continu- 

30 ing demand for high performance, low cost scan- 
ners in specific applications. 

The present invention provides an optical scan 
pattern generating arrangement in a laser scanner 
designed to satisfy the aforementioned needs. The 

35 optical components of the scan pattern generating 
arrangement enhance tiie overall compactness of 
scanner so as to further reduce the overall vertical 
height tiiereof over tiiat of tiie prior art Model 750 
SL scanner. It is highly desirable in retrofitting POS 

40 check-out stations with this type of scanner for tiie 
scanner to have the smallest height attainable, 
while preserving its low cost and reliability, in order 
to provide flexibility in the way tiie scanner is 
installed. A scanner of reduced overall dimensions 

45 permits many variations in mounting arrangements 
and mounting locations which are not possible with 
a larger scanner. 

Therefore, the present invention is directed to 
an optical arrangement in a laser scanner of re- 

50 duced height for generating a laser light beam scan 
pattem. The scan pattern generating arrangement 
comprises an optical device mounted for move- 
ment repetitively through a rotational cycle about a 
generally upright axis and having a plurality of 
primary reflective elements in the form of mirrors 


3 


EP 0 295 936 A2 


4 


oriented in angularly displaced relation from one to 
the next about the upright axis, means for rotatabiy 
moving the optical device about the upright axis, 
and a multiplicity of secondary reflective elements 
also in the form of mirrors being disposed in sta- 
tionary positions relative to one another and to 
each of the primary mirrors of the optical device as 
the primary mirror moves through a portion of each 
rotational cycle. Each primary mirror is adapted to 
receive and reflect a laser light beam as the pri- 
mary mirrors move successively through the por- 
tion of each rotational cycle of the optical device. 
The secondary mirrors are adapted to receive the 
laser light beam reflected from the primary mirrors 
and to reflect the same to trace scan lines of the 
laser light beam scan pattem at different orienta- 
tions with respect to one another as the primary 
mirrors move successively through the rotational 
cycle portion. Additionally, tiie primary mirrors of 
the optical device are tilted relative to the upright 
axis so as to be spaced closer to one another at 
their respective upper ends ttian at tiieir respective 
lower ends. 

More particularly, the laser light beam scan 
pattem generated by the optical arrangement is a 
cross bar X scan pattern. The multiplicity of secon- 
dary mirrors includes first, second and ttiird plural- 
ities of the secondary mirrors. The secondary mir- 
rors in the first plurality thereof are adapted to 
trace a pair of spaced apart side horizontal scan 
lines of the cross bar X laser light beam scan 
pattem as the primary mirrors move successively 
through the rotational cycle portion. Specifically, 
tiie secondary minrors in the first plurality include a 
pair of upper and lower secondary mirrors dis- 
posed forwardly of and laterally outward from each 
of a pair of opposite sides of the optical device. 
Each primary mirror at an initial segment of each 
rotational cycle portion reflects the laser light beam 
to one of the pairs of upper and lower secondary 
mirrors to provide one of the side horizontal scan 
lines and at a final segment of the rotational cycle 
portion reflects the laser light beam to tiie other of 
the pairs of upper and lower secondary mirrors to 
provide the other of the side horizontal scan lines. ^ 
More specifically, each primary mirror at the initial 
segment of each rotational cycle portiort refiects 
the laser light beam to the upper one of the one 
pair of secondary mirrors wherefrom tfie laser light 
beam is reflected to tiie lower one of the one pair 
and at the final segment of tiie rotational cycle 
portion reflects the laser light beam to the upper 
one of the other pair of secondary mirrors where- 
from the laser tight beam is reflected to the lower 
one of the other pair. 

The secondary mirrors of the second plurality 
thereof are adapted to trace a pair of spaced apart 
vertical scan lines of the cross bar X laser light 


beam scan pattem as the primary mirrors move 
successively through the rotational cycle portion. 
Specifically, the secondary mirrors of the second 
plurality include an upper central secondary mirror 

5 disposed forwardly of the optical device, and a pair 
of outer secondary mirrors each being disposed 
forwardly of and laterally outward from one of a 
pair of opposite sides of tiie optical device and 
adjacent to and extending generally below one of a 

70 pair of opposite end portions of the central secon- 
dary mirror. Each primary mirror at an initial seg- 
ment of each rotational cycle portion refiects the 
laser light beam to one of the end portions of the 
central secondary mirror wherefrom the laser light 

75 beam Is reflected to one of the pair of outer secon- 
dary minrors to provide one of the vertical scan 
lines and at a final segment of each rotational cycle 
portion reflects the laser light beam to the other of 
the end portions of the central secondary mirror 

20 wherefrom the laser light beam is reflected to the 
other of the pair of outer secondary mirrors to 
provide the other of the vertical scan lines. 

Rnally. tiie secondary mirrors of the third plu- 
rality thereof are adapted to ti-ace a center horizon- 

25 tal scan line of the cross bar X laser light beam 
scan pattern as the primary mirrors move succes- 
sively through the rotational cycle portion. Specifi- 
cally, the secondary mirrors in the third plurality 
include the upper central secondary mirror of the 

30 second plurality of secondary mirrors, and a lower 
central secondary mirror spaced between and be- 
low the upper central secondary mirror and the 
optical device. Each primary mirror at a middle 
segment of each rotational cycle portion reflects 

35 the laser light beam to the upper central secondary 
mirror wherefrom the laser light beam is reflected 
to the lower central secondary mirror to provide the 
central horizontal scan line. 

Accordingly, it is an object of tiie present in- 

40 vention to provide a laser scanner incorporating a 
laser light beam scan pattern generating arrange- 
ment which minimizes the overall height of the 
laser scannen to provide a laser light beam scan 
pattem generating arrangement which utilizes a 

45 multi-mirrored optical device rotatabiy about a gen- 
erally vertical axis: to provide the mirrors of the 
optical device in angulariy displaced orientations 
about the vertical axis and tilted with respect there- 
to about horizontal axes; and to provide a multiplic- 

50 ity of mirrors stationarily positioned relative to one 
another and to the successive mirrors of the rotat- 
able optical device to trace the basic scan lines of 
the scan pattem in different orientations with re- 
spect to one another so as to generate a cross bar 

55 X scan pattem. 

In order that the invention may be more readily 
understood, an embodiment thereof will now be 
described, by way of example, with reference to to 
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the accompanying drawings, in which: 

Rg. 1 is a pictorial view of a sales clerl< at a 
check-out counter sweeping a product carrying a 
bar code label across the window of a laser scan- 
ner. 

Rg. 2 IS a perspective view of the laser 
scanner and a package disposed above the scan- 
ner and parallel to the front edge thereof and in a 
vertical position wherein a cross bar X scan pattern 
is projected on the scanner window and on the 
package face. 

Rgs. 3-5 are perspective views similar to 
that of Rg. 2 but showing the cross bar X scan 
pattern on a package disposed at different orienta- 
tions with respect to the laser scanner. 

Rg. 6 is a schematic perspective view of a 
laser scanner incorporating the optical arrangement 
of the present invention for generating a cross bar 
X scan pattern. 

Rg. 7 is a schematic top plan view of the 
scanner of Rg. 6. 

Rg. 8 is a schematic front elevational view of 
the scanner as seen along line 8—8 of Rg. 7. 

Rg. 9 is a schematic side elevational view of 
the scanner as seen along 9—9 of Rg. 7. 

Rg. 10 is a schematic front elevational view 
similar to that of Rg. 8 also showing generation of 
side horizontal scan lines of th& cross t>ar X pat- 
tern. 

Rg. 1 1 is a schematic front elevational view 
similar to that of Rg. 8 also showing generation of 
vertical scan lines of the cross bar X pattern. 

Rg. 12 is a schematic side elevational view 
similar to that of Rg. 9 also showing generation of 
the center horizontal scan line of the cross bar X 
pattern* 

Rg. 1 is a pictorial view of a sales clerk C at a 
check-out counter, with a laser scanner S being 
used to scan a product label. The clerk C manually 
passes the product over a window W from which 
the scanning beam emerges so as to permit the 
beam to be swept across the label. A portion of the 
light reflected from the label passes downward 
through the arrangement of bars on the product 
label. The beam Is caused to rapidly sweep 
through a series of scan paths which collectively 
produce a scan pattern in which the likelihood of a 
successful scan is high. The scan pattem should 
be such that It Is highly probable that at least one 
scan path will traverse the label in a direction more 
or less perpendicular to the bars. 

In common with many scanners In use today, 
the present Invention uses a variation of what can 
be called a "cross bar X" scan pattern. Rg. 2 
herein illustrates this scan pattem on a window W 
of the scanner S and on a face F of a package P. 
bearing a bar code label (not shown), disposed 
parallel to the front edge E of the scanner S and in 


a vertical position. The cross bar X pattem consists 
of five basic scan lines: the center horizontal (CH) 
line, right and left side horizontal (RSH & LSH) 
lines, and right and left vertical (RV & LV) lines. 
5 Note the orthogonality of the RV and LV scan lines 
with the CH scan lines. 

A more intuitive understanding of this scan 
pattern can be gained by examining depictions of 
the scan pattem on the package P in different 
10 orientations, as shown in Rgs. 3-5. In Rg. 3, the 
package face F is disposed parallel to the front 
edge E of the scanner S but leaned forty-five 
degrees toward the top T of the scanner. Note the 
orthogonality of the RV and RSH scan lines. In Rg. 
15 4, the package face F is disposed in a vertical 
position but rotated forty-five degrees from the 
front edge E of the scanner S. Note the ortho- 
gonoality of the LV and LSH scan lines. In Rg, 5, 
the package face F is rotated forty-five degrees 
20 from the front edge E of the scanner S and leaned 
forty-five degrees toward the top T of the scanner. 
Note the orthogonality of the LV and CH scan lines. 
In each of Rgs. 2-5, there is at least one set of 
perpendiculariy crossing scan lines even though 
25 the label planes are at very different locations. The 
cross bar X scan pattem thus ensures that a set of 
perpendicular lines will cross a label. 

Reference Is now made to Rgs. 6-9 of the 
drawings which illustrate a laser scanner 10 having 
30 a retro-directive optical system which includes la- 
ser light transmission and collection optics 12 and 
the optical arrangement 14 of the present invention 
for generating a scan pattem, such as the cross 
bar X scan pattern, to find and read a spaced 
35 target (not shown), such as a package label carry- 
ing a bar code symbol. The transmission and col- 
lection optics 12 and the optical arrangement 14 
are enclosed in a housing 16 having an upper 
transparent window 18 in the top thereof. The con- 
40 figuration and compactness of the optical arrange- 
ment 14 minimizes the overall vertical helgirt of the 
laser scanner 10. 

The transmission and collection optics 12 of 
the laser scanner 10 Include a laser source 20, for 
45 instance a helium-neon laser tube which produces 
a Jaser beam of red light at 632.8 nanometers 
(nm). Of course other types of laser sources can 
be used. Optics 12 also includes a lens assembly 
22 and three small minrors 24-28 located respec- 
50 tively adjacent the output of the laser source 20. 
adjacent one side of the lens assembly 22 and 
intemnediately therebetween for reflectively routing 
the laser light beam 30 from the laser source 20 to 
the lens assembly 22. The laser beam 30 emerges 
55 from the opposite side of the lens assembly 22 and 
is reflected by another mirror 32 oriented at ap- 
proximately forty*five degrees to the beam path. 
The mirror 32 directs the laser beam 30 toward the 
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optical arrangement 14- for generating the scan 
pattern for reading the target as wiii be described 
in detail below. Light reflected back from the target 
along the same path viattie optical arrangement 14 
to the lens assembly 22 is collected and focused 
on a photodetector 34. Since optics 12 does not 
form any part of the present invention, further de- 
scription thereof is not necessary herein for gaining 
a clear understanding of the present invention. 

The optical arrangement 14 of the laser scan- 
ner 10 for generating the cross bar X laser light 
beam scan pattern in accordance with the princi- 
ples of the present invention basically Includes a 
multi-faceted optical device 36 having multiple pri- 
mary mirrors 38A-0, drive means in the form a 
motor 40 having a rotatable output shaft 42 mount- 
ing the optical device 36. and first, second and 
third pluralities of stationarily-disposed secondary 
mirrors 44-48. The motor 40 mounts the optical 
device 36 for rotational movement through a repet- 
itive cycle about a generally vertical axis 50. The 
primary mirrors 38A-D are oriented in angularly 
displaced relation, preferably ninety degrees, from 
one to the next about the vertical axis 50 such that 
the device 36 has a generally square cross-sec- 
tional configuration. However, the primary mirrors 
38A-D are tilted about respective horizontal axes 
relative to the vertical axis 50 so as to create an 
optimum scan pattern. Although four min-ors 38A-D 
are illustrated, it will be appreciated that a different 
number of mirrors may be utilized in a scanner 
according to the present invention, such as for 
example two. three or five mirrors. 

Each primary mirror 38A-0 Is adapted to reflect 
the laser light beam 30 received from the mirror 32 
of the transmission and collection optics 14 as the 
primary mirrors move successively through a por- 
tion of each rotational cycle of the optical device 
36. The rotational cycle portion is equal to approxi- 
mately 90 degrees. As each one of tiie primary 
receives the laser beam 30 from the mirror 32. it 
sweeps the laser beam 30 across all of the minrors 
in the first to third pluralities 44-48 thereof. 

The secondary mirrors in first plurality 44 
thereof include right and left pairs of upper and 
lower secondary mirrors 52,54 and 56,58 disposed 
forwardly of and laterally outward from each of a 
pair of opposite sides of the optical device 36. The 
upper secondary mirrors 54,56 are oriented at 
about thirty degrees with respect to vertical, where- 
as the lower secondary mirrors 52.58 are oriented 
in a horizontal plane. Further, the upper secondary 
mirrors 54.56 are located substantially above the 
optical device 36, whereas tiie tower secondary 
mirrors 52,58 are located below it. 

As shown in Rg. 10. tiie right and left pairs of 
upper and lower secondary mirrors 52.54 and 
56,58 of tiie first plurality 44 tiiereof are adapted to 


receive the laser light beam 30 reflected from each 
of the primary mirrors 38A-0 and to reflect the 
same along V-shaped laser light beam path 60 
through the upper window 18 of the scanner hous- 

5 ing 16 to trace the pair of spaced apart right and 
left side horizontal (RSH & LSH) scan lines of the 
cross bar X laser light beam scan pattern as the 
primary mirrors 38A-D move successively through 
the aforementioned portion of each rotational cycle 

10 of the optical device 36. Only generation of the 
LSH scan line by the left pair of upper and lower 
secondary mirror 56.58 is depicted in Rg. 1 0. 

More particularly, each primary mirror 38A-D at 
an initial small angular segment of the half-cycle 

T5 portion of each rotational cycle of the optical de- 
vice 36 reflects the laser light beam 30 to right pair 
of upper and lower secondary mirrors 52.54 to 
provide the LSH scan line. Then, at a final small 
angular segment of the half-cycle portion of each 

20 rotational cycle of device 36. each primary mirror 
38A-D reflects the laser light beam 30 to the left 
pair of upper and lower secondary mirrors 56,58 to 
provide the RSH scan line (not shown). Specifi- 
cally, at the initial angular segment of the half-cycle 

25 portion of each rotational cycle of device 36. each 
primary mirror 38A-0 reflects the laser light beam 
30 to the upper secondary mirror 52 of the right 
pair, wherefrom the laser light beam is then re- 
flected to \he lower secondary mirror 54. Then. 

30 subsequentiy at the final angular segment of the 
half-cycle portion of each rotational cycle, each 
primary min'or 38A-D reflects the laser light beam 
30 to the upper secondary mirror 56 of the left pair, 
wherefrom the laser light beam is tiien reflected to 

35 the lower secondary mirror 58. 

The secondary mirrors in the second plurality 
46 thereof include an upper central secondary mir- 
ror 62 and a pair of outer secondary mirrors 64.66. 
The upper central secondary mirror 62 at its op- 

40 posite right and left end portions 68.70 is disposed 
generally forwardly of the respective right and left 
pairs of upper and lower mirrors 52.54 and 56.58 of 
the first plurality 44. Also, the upper central secon- 
dary mirror 62 is disposed directiy forwardly of and 

45 centered with the optical device 36. The right and 
left outer secondary mirrors 64.66 are disposed 
forwardly of the respective right and left pairs of 
upper and lower mirrors 52.54 and 56.58 of the first 
plurality 44, forwardly of and laterally outward from 

so opposite right and left sides of tiie optical device 
36, and adjacent to and extending generally below 
and inwardly from the respective right and left end 
portions 68,70 of the upper central secondary mir- 
ror 62. The upper centi-al secondary minror 62 is 

55 oriented about twenty-five degrees with respect to 
the vertical with its upper edge closer to tiie optical 
device 36 tiiat its lower edge. The outer right and 
left secondary mirrors 64.66 are tilted in opposite 
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fashion with respect to one another being farther 
apart at their upper than lower ends but with each 
mirror oriented at about forty-five degrees with 
respect to the vertical. 

As shown in Rg. 11, the upper central secon- 
dary mirror 62 and the right and left outer secon- 
dary mirrors 64,66 are adapted to receive the laser 
light beam 30 reflected from each of the primary 
mirrors 38A-0 and to reflect the same along V- 
shaped laser light beam path 72 through the upper 
window 18 of the scanner housing 16 to trace the 
pair of spaced apart right and^ left vertical (RV & 
LV) scan lines of the cross bar X laser light beam 
scan pattern as the primary mirrors 38A-D move 
successively through the aforementioned cycle 
portion of each rotational cycle of the optical de- 
vice 36. Only generation of the RV scan line by the 
upper center secondary mirror 62 and right outer 
secondary mirror 64 is depicted in Rg. t1. More 
particularly, each primary mirror 38A-D at another 
small angular segment of the half-cycle portion of 
each rotational cycle of the optical device 36. 
which follows immediately the aforementioned ini- 
tial small angular segment, reflects the laser light 
beam 30 to the right end portion 68: of the central 
secondary mirror 62, wherefrom the laser light 
beam is then reflected to the right outer secondary 
mirror 64 to provide the RV scan line. Subse- 
quently, at still another small angular segment of 
the half-cycle portion of each rotational cycle- whtcli 
precedes immediately the aforementioned: final 
small angular segment, each primary mirror 38A-D 
reflects the laser light beam 30 to the left end 
portion of the central secondary mirror 62, where- 
from the laser light beam is then reflected to the 
left outer secondary mirror 66 to provide the LV 
scan line (not shown). 

The secondary mirrors In the third plurality 48 
thereof include the upper central secondary mirror 
62 of the second plurality 46 and a lower central 
secondary mirror 74. The lower central secondary 
mirror 74 is oriented In a horizontal plane and 
disposed between the lower ends of the respective 
right and left outer secondary mirrors 64,66 in the 
second plurality 46. The lower central secondary 
mirror 74 is also spaced between and below the 
upper central secondary mirror 62 and the optical 
device 36. 

As shown In Rg. 12, the upper and lower 
central secondary mirrors 62.74 are adapted to 
receive the laser light beam 30 reflected from each 
of the primary mirrors 38A-0 and to reflect the 
same along V-shaped laser light beam path 76 
through the upper window 18 of the scanner hous- 
ing 16 to trace the centerhorizontai (CH) scan line 
of the cross bar X laser light beam scan pattem as 
the primary mirrors 38A-0 move successively 
through the aforementioned cycle portion of each 


rotational cycle of the optical device 36. More 
particularly, each primary mirror 38A-D at a middle 
segment of the cycle portion of each rotational 
cycle, being located between the other small an- 
5 gular segments of the half-cycle portion, reflects 
the laser light beam 30 to the upper central secon- 
dary mirror 62, wherefrom the laser light beam is 
then reflected to the lower central secondary mirror 
74 to provide the CH scan line. 
70 In view of the above-described layout of the 

first, second and third pluralities of secondary mir- 
rors 44-48 relative to the primary mirrors 38A-D of 
the rotating optical device 36. it can be readily 
understood how the different scan lines of the 
IS cross bar X scan pattern can be generated at their 
different orientations as the laser light beam 30 Is 
swept by each primary mirror across the secon- 
dary mirrors starting across the right upper secon- 
dary mirror 52. then across the upper central sec- 
20 ondary mirror 62 from its right end portion 68 to 
left end portion 70, and finally across the left upper 
secondary mirror 56. 

It will be appreciated that the laser scanner of 
the present invention includes an optical arrange- 
as ment which permits the generation of an effective 
scan pattem by means of a scanner of minimum 
height The reduction in size of the scanner of the 
present invention, consequently, facilitates the in- 
stallation of a scanning system in locations at a 
30 point of sale station which were not heretofore 
possible, and at the same time enhances the ap- 
pearance and user acceptance of the scanner sys- 
tem. 

Having thus described the scan pattem gen- 
35 erating arrangement of the present invention in 
detail and by reference to a preferred embodiment 
thereof, it will be apparent that modifications and 
variations are possible without departing from the 
scope of the Invention defined in the appended 
40 claims. 


Claims 

45 1. An optical arrangement in a laser scanner, 

for generating a laser light beam scan pattem com- 
prising: 

an optical device mounted for movement 
repetitively through a rotational cycle about a gen- 

50 erally upright axis and having a plurality of primary 
reflective elements oriented in angularly displaced 
relation from one to the next about said upright 
axis, each primary reflective element being adapt- 
ed to receive and reflect a laser light beam as said 

55 primary reflective elements move successively 
through a portion of each rotational cycle of said 
optical device; 

means for rotatably moving said optical device 
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about said upright axis; and 

a multiplicity of secondary reflective elements 
being disposed in stationary positions relative to 
one another as said each primary reflective ele- 
ment moves through said rotational cycle portion, 
said secondary reflective elements being adapted 
to receive the laser light beam reflected from said 
primary reflective elements and to reflect the same 
to trace scan lines of the laser light beam scan 
pattern at different orientations with respect to one 
another as said primary reflective elements move 
successively through said portion of each rotational 
cycle. 

2. The arrangement of claim 1. in which said 
primary reflective elements are tilted relative to 
said upright axis so as to reflect said beam upward. 

3. The arrangement of claim 1 or 2, in which 
said multiplicity of secondary reflective elements 
includes a plurality of said secondary reflective 
elements being less in number than said multiplier 
ity thereof and adapted to trace a pair of spaced 
apart side hortzontai scan lines of said laser light 
beam scan pattern as said primary reflective ele- 
ments move successively through said portion of 
each rotational cycle. 

4. The arrangement of claim 3. in wlrich said 
secondary reflective elements in said plurality 
thereof include: 

a pair of upper and lower secondary reflective 
elements disposed forwardly of and laterally out- 
ward from each of a pair of opposite sides of said 
optical device; 

said each primary reflective element at an 
initialsegment of said portion of each rotational 
cycle reflecting the laser light beam to one of said 
pair of upper and lower secondary reflective ele- 
ments to provide one of said side horizontal scan 
lines and at a final segment of said portion of each 
rotational cycle reflecting the laser light beam to 
the other of said pair of upper and lower secondary 
reflective elements to provide the other of said side 
horizontal scan lines. 

5. The arrangement of claim 4, in which said 
each primary reflective element at said initial seg- 
ment of said portion of each rotational cycle re- 
flects the laser light beam to the upper one of said 
one pair of secondary reflective elements where- 
from the laser light beam Is reflected to the lower 
one of said one pair and at said final segment of 
said portion of each rotational cycle reflects the 
laser light beam to the upper one of said other pair 
of secondary reflective elements wherefrom the 
laser light beam is reflected to the lower one of 
said other pair. 

6. The arrangement of any preceding claim, in 
which said multiplicity of secondary reflective ele- 
ments includes a plurality of said secondary reflec- 
tive elements being less in number than said mul- 


tiplicity thereof and adapted to trace a pair of 
spaced apart vertical scan lines of said laser light 
beam scan pattern as said primary reflective ele- 
ments move successively through said portion of 
5 each rotational cycle. 

7. The arrangement of claim 6. in which said 
secondary reflective elements in said plurality 
thereof include: 

an upper central secondary reflective element 
ra being disposed fonvardly of said optical device; 
and 

a pair of outer secondary reflective elements 
each being disposed fonwardly of and laterally out- 
ward from one of a pair of opposite sides of said 

75 optical device and adjacent to and extending gen- 
erally below one of a pair of opposite end portions 
of said central secondary reflective element; 

said each primary reflective element at an 
initial segment of said portion of each rotational 

20 cycle reflecting the laser light beam to one of said 
end portions of said central secondary reflective 
element wherefrom the laser light beam is reflected 
to one of said pair of outer secondary reflective 
elements to provide one of said vertical scan lines 

25 and at a final segment of said portion of each 
rotational cycle reflecting the laser light beam to 
the other of said end portions of said central sec- 
ondary reflective element wherefrom the laser light 
beam is reflected to the other of said pair of outer 

30 secondary reflective elements to provide the other 
of said central scan lines. 

8. The arrangement of any preceding claim, in 
which said multiplicity of secondary reflective ele- 
ments includes a plurality of said secondary reflec- 
ts tive elements being less in number than said mul- 
tiplicity thereof and adapted to trace a center hori- 
zontal scan line of said laser light beam scan 
pattern as said primary reflective elements move 
successively through said portion of each rotational 

40 cycle. 

9. The arrangement of claim 8. in which said 
secondary reflective elements in said plurality 
thereof include: 

an upper central secondary reflective element 
45 being disposed forwardly of said optical device: 
and 

a tower central secondary reflective element 
being spaced between and below said upper cen- 
tral secondary reflective element and said optical 
50 device; 

said each primary reflective element at a 
middle segment of said portion of each rotational 
cycle reflecting the laser light beam to said upper 
central secondary reflective element wherefrom the 
55 laser light beam is reflected to said lower central 
secondary reflective element to provide said cen- 
tral horizontal scan line. 
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10. The arrangement of any preceding claim, in 
which said multiplicity of secondary reflective ele- 
ments includes: 

a first plurality of said secondary reflective 
elements being less in number than said multiplic- 
ity thereof and adapted to trace a pair of spaced 
apart vertical scan lines of said laser light beam 
scan pattern as said primary reflective elements 
move successively through said portion of each 
rotational cycle; and 

a second plurality of said secondary reflective 
elements being less in number than said multiplic- 
ity thereof and adapted to trace a center horizontal 
scan line of said laser light beam scan pattern as 
said primary reflective elements move successively 
through said portion of each rotational cycle. 

11. The arrangement of claim 10. in which said 
secondary reflective elements in said first plurality 
thereof include: 

an upper centra) secondary reflective element 
being disposed fon^ardly of said optical device; 
and 

a pair of outer secondary reflective elements 
each being disposed forwardiy of and laterally out* 
ward from one of a pair of opposite sides of said 
optical device and adjacent to and extending gen- 
erally below one of a pair of opposite end portions 
of said central secondary reflective element; 

said each primary reflective element at an 
initial segment of said portion of each rotational 
cycle reflecting the laser light beam to one of said 
end portions of said central secondary reflective 
element wherefrom the laser light beam is reflected 
to one of said pair of outer secondary reflective 
elements to provide one of said vertical scan lines 
and at a final segment of said portion of each 
rotational cycle reflecting the laser light beam to 
the other of said end portions of said central sec- 
ondary reflective element wherefrom the laser light 
beam is reflected to the other of said pair of outer 
secondary reflective elements to provide tiie other 
of said central scan lines. 

12. The arrangement of claim 11 Jn which said 
secondary reflective elements in said second plu- 
rality thereof include: 

s£dd upper central secondary reflective 
element of said first plurality of secondary reflec- 
tive elements; and 

a lower central secondary reflective element 
being spaced between and below said upper cen- 
tral secondary reflective element and said optical 
device; 

said each primary reflective element at a 
middle segment of said portion of each rotational 
cycle reflecting the laser light beam to said upper 
central secondary reflective element wherefrom the 


laser light beam is reflected to said lower central 
secondary reflective element to provide said cen- 
tral honzontal scan line. 

13. An optical arrangement in a laser scanner 

5 for generating a cross bar X laser light beam scan 
pattern comprising: 

an optical device mounted for movement 
repetitively through a rotational cycle about a gen- 
erally vertical axis and having a plurality of primary 

10 mirrors oriented in angularly displaced relation from 
one to ttie next about said vertical axis, each pri- 
mary mirror being adapted to receive and reflect 
laser light as said primary mirrors move succes- 
sively tiirough a portion of each rotational cycle of 

75 said optical device; 

means for rotatably moving said optical device 
about said vertical axis; 

a first plurality of secondary mirrors being 
disposed in stationary positions relative to one an- 

20 other and to each of said primary mirrors of said 
optical device as said primary mirrors move suc- 
cessively tiirough said rotational cycle portion, said 
first plurality of secondary mirrors being adapted to 
receive laser light reflected from said primary mir- 

25 rors and to reflect the same to trace a pair of 
spaced apart side horizontal scan lines of said 
laser light beam scan pattern as said primary mir- 
rors move successively through seud portion of 
each rotational cycle; 

30 ' a second plurality of secondary mirrors being 

disposed in stationary positions relative to one an- 
other and to each of said primary mirrors of said 
optical device as said primary mirrors move suc- 
cessively through said rotational cycle portion, said 

as second plurality of secondary mirrors being adapt- 
ed to receive laser light reflected from said primary 
mirrors and to reflect the same to tirace a pair of 
spaced apart vertical scan lines of said laser light 
beam scan pattem as said primary mirrors move 

40 successively through said portion of each rotational 
cycle; and 

a tiiird plurality of secondary mirrors being 
disposed in stationary positions relative to one an- 
other and to each of said primary mirrors of said 

45 optical device as said primary mirrors move suc- 
cessively through said rotational cycle portion, said 
third plurality of secondary mirrors being adapted 
to receive laser light reflected from said primary 
mirrors and to reflect the same to trace a horizontal 

50 scan line of said laser light beam scan pattern as 
said primary mirrors move successively through 
said portion of each rotational cycle. 

14. The arrangement of claim 13. in which said 
primary minrors are tilted relative to said vertical 

55 axis so as to be spaced closer to one another at 
their respective upper ends than at their respective 
lower ends. 
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15. The arrangement of claim 13 or 14. in 
which said secondary mirrors in said first plurality 
thereof include: 

a pair of upper and lower secondary mirrors 
disposed forwardiy of and laterally outward from 
each of a pair of opposite sides of said optical 
device; 

said each primary mirror at an initial segment 
of said portion of each rotational cycle reflecting 
the laser light beam to one of said pair of upper 
and lower secondary mirrors to provide one of said 
side horizontal scan lines and at a final segment of 
said portion of each rotational cycle reflecting the 
laser light beam to the other of said pair of upper 
and lower secondary mirrors to provide the other of 
said side horizontal scan lines. 

16. The arrangement of claim 15, in which said 
each primary mirror at said initial segment of said 
portion of each rotational cycle reflects the laser 
light beam to the upper one of said one pair of 
secondary mirrors wherefrom the laser light beam 
is reflected to the lower one of said one pair and at 
said final segment of said portion of each rotational 
cycle reflects the laser light beam to the upper one 
of said other pair of secondary mirrors wherefrom 
the laser light beam is reflected to the lower one of 
said other pair. 

17. The arrangement of claim 15 or 16, In 
which said secondary mirrors in said second plural- 
ity thereof include: 

an upper central secondary mirror being 
disposed forwardiy of said pairs of upper and lower 
mirrors of said first plurality and forwardiy of said 
optical device: and 

a pair out outer secondary mirrors each being 
disposed forwardiy of said respective pairs of up- 
per and lower mirrors of said first plurality, for- 
wardiy of and laterally outward from one of a pair 
of opposite sides of said optical device and adja- 
cent to and extending generally below one of a pair 
of opposite end portions of said central secondary 
mirron 

said each primary mirror at an initial segment 
of said portion of each rotational cycle reflecting 
the laser light beam to one of said end portions of 
said central secondary mirror wherefrom the laser 
light beam is reflected to one of said pair of outer 
secondary min^ors to provide one of said vertical 
scan lines and at a final segment of said portion of 
each rotational cycle reflecting the laser light beam 
to the other of said end portions of said central 
secondary mirror wherefrom the laser light beam is 
reflected to the other of said pair of outer secon- 
dary mirrors to provide the other of said central 
scan lines. 

18. The arrangement of claim 17, in which said 
secondary mirrors in said third plurality thereof 
include; 


said upper central secondary mirror of said 
second plurality of secondary mirrors; and 

a lower cflntral sernndary mirror being 
disposed between lower end of respective outer 

5 secondary mirrors in said pair thereof in said sec- 
ond plurality of secondary mirrors, said lower cen- 
tral secondary mirror being spaced between and 
below said upper central secondary mirror and said 
optical device; 

70 said each primary mirror at a middle segment 

of said portion of each rotational cycle reflecting 
the laser light beam to said upper central secon- 
dary mirror wherefrom the laser light beam is re- 
flected to said lower central secondary mirror to 

75 provide said central horizontal scan line. 

19. An optical arrangement, in a compact laser 
scanner of relatively minimal overall height, for 
generating a iaser light beam scan pattern includ- 
ing a plurality of scan lines, comprising: 

20 an optical device mounted for movement 

repetitively through a rotational cycle about a gen- 
erally upright axis and having a plurality of primary 
reflective elements positioned about said axis, each 
such primary reflective element being adapted to 

25 receive and reflect a laser light beam as said 
primary reflective elements move successively 
tiirough a portion of each rotational cycle of said 
optical device; 

means for rotating said optical device about 

30 said upright axis; and 

a plurality of secondary reflective elements 
being disposed in stationary positions with respect 
to each other and to said axis, said secondary 
reflective elements being positioned such that each 

35 scan lines of said light beam scan pattern is pro- 
duced by reflection of said beam by a unique set 
of two of said secondary mirrors, 

20. The arrangement of claim 19, in which said 
primary reflective elements are tilted with respect 

40 to said axis so as to reflect said beam slightiy 
upward therefrom. 

21. The arrangement of claim 19 or 20. in 
which each of said unique set of two of said 
secondary mirrors reflects said beam generally 

45 downward and then upward to said scan pattern. 
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